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ABSTRACT
The nucleoprotein (NP) is a highly conserved internal protein of the influenza virus, a major target for universal influenza
vaccine. Our previous studies have proven NP-based subunit vaccine can provide partial protection in mice. It is reported
that the protein transduction domain (PTD) TAT protein from human immunodeficiency virus-1 (HIV-1) is able to
penetrate cells when added exogenous protein and could effectively enhance the immune response induced by the
exogenous protein. In present study, the recombinant protein TAT-NP, a fusion of TAT and NP was effectively
expressed in Escherichia coli and purified as a candidate component for an influenza vaccine. We evaluated the
immunogenicity and protective efficacy of recombinant influenza TAT-NP vaccine by intranasal immunization. In vitro
experiments showed that TAT-NP could efficiently penetrate into cells. Animal results showed that mice vaccinated
with TAT-NP could not only induce higher levels of IgG and mucosal IgA, but also elicit a robust cellular immune
response. Moreover, the TAT-NP fusion protein could significantly increase the protection of mice against lethal doses
of homologous influenza virus PR8 and could also provide mice protection against a lethal dose challenge against
heterosubtypic H9N2 and H3N2 influenza virus. In conclusion, the recombinant TAT-NP might be a universal vaccine
candidate against influenza virus.

ARTICLE HISTORY Received 23 March 2020; Revised 14 August 2020; Accepted 16 August 2020

KEYWORDS Influenza virus; universal vaccine; nucleoprotein; protein transduction domain; nucleoprotein; cross-protection

Introduction

Influenza virus is one of the most common causes of
serious respiratory diseases and represents an impor-
tant economic burden worldwide [1]. Currently, vacci-
nation remains the most effective strategy to prevent
disease caused by influenza. However, seasonal
influenza vaccines could only induce narrow-spectrum
and strain-specific immune responses. The vaccine
components should be reformulated each year due to
antigenic drift of influenza virus strains. Mismatches
between the vaccines and circulating strains often
lead to high morbidity. During the 2014–2015
influenza season, due to the antigenic drift of H3N2,
seasonal influenza vaccine effectiveness against antige-
nically drifted A(H3N2) strains was significantly
reduced [2]. In addition, different subtypes of influenza
viruses are susceptible to genetic reassortment after
infecting the same host, and the new influenza strains
generated may also cause unpredictable influenza epi-
demics and even pandemics. In recent years, cross-

species transmission of the influenza virus has led
to the spread of many avian influenza viruses into
the human population. At present, many avian
influenza viruses capable of infecting humans have
been found, such as H5N1, H5N6, H6N1, H7N2,
H7N3, H7N7, H7N9, H9N2, H10N7 and H10N8
[3]. These emerging and re-emerging influenza
viruses have posed a great threat to human health
[4,5]. Therefore, development of a universal influenza
vaccine capable of inducing cross-protection among
different subtypes of influenza viruses has become
an important trend in rapidly responding to the epi-
demics of new influenza viruses.

Currently, the conserved proteins of influenza virus,
such as stem region of hemagglutinin (HA), nucleopro-
tein (NP) and matrix protein (M), are the main targets
to develop universal influenza vaccines [6,7]. Influenza
virus nucleoprotein, type-specific, is highly conserved
in the influenza virus. NP is conserved among different
viral strains by more than 90% [8,9]. After influenza

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group, on behalf of Shanghai Shangyixun Cultural Communication Co., Ltd
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

CONTACT Ze Chen chenze2005@hotmail.com chenze2005@263.net Shanghai Institute of Biological Products, 350 Anshun Rd, Shanghai 200052,
People’s Republic of China

Supplemental data for this article can be accessed https://doi.org/10.1080/22221751.2020.1812436

Emerging Microbes & Infections
2020, VOL. 9
https://doi.org/10.1080/22221751.2020.1812436

http://crossmark.crossref.org/dialog/?doi=10.1080/22221751.2020.1812436&domain=pdf&date_stamp=2020-09-01
http://orcid.org/0000-0003-4717-0747
http://creativecommons.org/licenses/by/4.0/
mailto:chenze2005@hotmail.com
mailto:chenze2005@263.net
https://doi.org/10.1080/22221751.2020.1812436
http://www.iom3.org/
http://www.tandfonline.com


virus infection, NP is a major antigen recognized by
cytotoxic T lymphocytes (CTL) [10]. NP-specific CTL
can promote lysis of the virus-infected cells by recog-
nizing the NP antigenic peptides presented by MHC-
I molecules on the surface of virus-infected cells.
Thus, they contribute to the clearance of the virus
and prevent the spread of viral infection [11]. In
addition, NP-specific CD4+ T cell responses and anti-
body responses also play a certain role in cross-protec-
tion [12]. Therefore, induction of strong NP-specific
immune responses, especially cellular immune
responses, becomes one of the targets for design of
NP-based broad-spectrum influenza vaccines.

In 1988, Green and Frankel et al. reported for the
first time that the TAT protein of HIV-1 was capable
of transmembrane penetration into the cells, and sub-
sequent studies showed that HIV-TAT can also med-
iate the entry of many exogenous biological
macromolecules into cells [13,14]. This peptide with
a protein transduction effect is called protein transduc-
tion domain (PTD). Currently, the identified short
peptides with protein transduction effect include
HSV-1 VP22, MAP and PEP-1 [15]. Further studies
show that TAT plays a role in protein transduction,
mainly for its 47–57 amino acids. It is reported that
TAT protein is able to enter cells when combined
with exogenous antigens and induce enhanced MHC
I restrictive CD8+ CTL response [16–18].

In this study, we selected the conserved internal
protein NP of the influenza virus, with fusion
expression of TAT at the N-terminal of NP to express
the recombinant TAT-NP protein in Escherichia coli.
We aimed to evaluate the immune protection of
recombinant protein vaccines. And the results showed
that TAT-NP could provide enhanced protection
against lethal dose challenge with homologous and het-
erosubtypic influenza virus in mice.

Materials and methods

Preparation of rTAT-NP

The plasmid pET28a-NP encoding the NP gene
derived from influenza virus A/PR8/34(H1N1) was
constructed in our previous study [19]. The segment
TAT (YGRKKRRQRRR) was ligated to the N-terminal
of NP by overlap extension PCR. The TAT-NP gene
was inserted into expression vector to construct the
recombinant vector pET28a-TAT-NP. The recombi-
nant plasmid was transformed into E. coli BL21(DE3)
strain for expression. The target protein was purified
using AKTA Purifier (GE) with a Ni-chromatography
column (GE). The purified proteins were assessed by
SDS-PAGE and Western blotting. Protein concen-
tration was measured using Bradford reagent
(Thermo) and stored at −70°C. The production of
recombinant protein was 2–5 mg/L.

Cellular uptake of TAT-NP

293 T cells were incubated with either TAT-NP or NP
(10 or 20 μg/mL) at 37°C for 2 h. The cells were then
washed three times with PBS and fixed with 4% Paraf-
ormaldehyde for 30 min. After washing three times
with PBST (0.1% Tween-20), and blocking with
PBST containing 5% BSA for 30 min for cell permeabi-
lization, anti-His antibody was added. After incubation
at 37°C, the cells were washed three times with PBST.
FITC conjugated goat anti-mouse IgG was added.
After incubation 37°C in dark, the cells were washed
with PBS and viewed with fluorescence microscope.

Viruses, mice and cells

Influenza virus included mouse-adapted A/PR8/34
(H1N1), A/Chicken/Jiangsu/7/2002 (H9N2) and A/
Guizhou/54/1989 (H3N2) viruses were used in this
study as described in our previous studies [20]. Live-
virus experiments were performed in Biosafety Level
2 facilities under governmental and institutional guide-
lines in SIBP (Shanghai Institute of Biological Pro-
ducts). Madin-Darby canine kidney (MDCK; ATCC
CCL-34) cells were purchased from the American
Type Culture Collection (ATCC) and were grown Dul-
becco’s modified Eagle’s medium (DMEM; Gibco) sup-
plemented with 10% fetal bovine serum (FBS; Gibco)
and 100 units/mL of penicillin and 100 μg/mL strepto-
mycin (Pen-Strep; Gibco).

Groups of female BALB/c (H-2d) mice (specific-
pathogen-free, SPF) of 6–8 weeks old were purchased
from Shanghai Laboratory Animal Center, China. All
mice were housed in the Animal Resource Center at
SIBP and maintained in SPF conditions. Animals
were anesthetized by intraperitoneal injection of 1%
Pelltobarbitalum Natricum (60 mg/kg bodyweight).
All experiments involving animals have been approved
by Animal Care Committee of SIBP. Mice that lost over
30% of their initial body weight were scored dead and
humanely euthanized.

Immunization and challenge

For a homologous protection study, BABL/c mice (n =
19/group, female, 6–8 weeks old) were randomly
divided to 6 groups. Mice were anesthetized, followed
by immunized intranasally 3 times with 2 weeks inter-
val containing different doses of 40 μL NP or TAT-NP.
The control group was received PBS. Two weeks after
the last immunization, animals were anesthetized and
intranasally challenged with 20 μL of the viral suspen-
sion containing 10 × LD50 of A/Puerto Rico/8/34
(H1N1). After viral challenge (3 days), Lung tissues
were collected from 3 mice/group for detecting virus
titers and 3 mice/group for pathological investigation.
Mice (n = 10/group) were monitored daily to record
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clinical symptoms, weight loss and mortality. For a het-
erosubtypic protection study, a total of 78 mice were
randomly divided into six groups (n = 13/group).
Mice were intranasally immunized with either NP or
TAT-NP 3 times with 2 weeks interval. The control
group was received PBS. Two weeks after the last
immunization, the mice were intranasally inoculated
with 10 × LD50 of A/Chicken/Jiangsu/7/2002 (H9N2)
or 10 × LD50 A/Guizhou/54/1989 (H3N2) respectively.
The mice were observed for 14 days after viral chal-
lenge, during which weight loss and survival rate
were recorded. Virus titers in the lungs collected at
day 3 post-challenge were tested via TCID50 assay.
All animal experiments were repeated three times in
mice.

Specimen collection

Blood samples (100 μL) of three mice in each group
were collected on day 14, 28 and 42 via retrobulbar
bleeding and used for NP-specific IgG, IgG1 and
IgG2a Ab assays, respectively. Two weeks after the
last immunization, spleens were isolated from three
mice in each group and single cell suspensions were
prepared as described and monitored for the presence
of antigen-specific T cells [19]. A syringe needle with
1 mL of PBS was inserted three times into the naso-
pharynx to collect the nasal lavage fluid (NAL). The
NAL was centrifuged to remove cellular debris and
used for IgA Ab assays. Three mice from each
group were anesthetized and killed by cervical dislo-
cation three days after challenge. The lungs were
removed aseptically and injected with a total of
2 mL of PBS containing 0.1% BSA. Bronchoalveolar
lavage fluid (BALF) was collected and stored at
−70°C until processing for virus titration.

Enzyme-linked immunosorbent assay (ELISA)

The NP-specific antibodies in the serum (IgG, IgG1,
IgG2a) and NAL (IgA) were determined by ELISA as
described in our previous studies [19,20]. ELISA plates
(Corning) were coated overnight at 4°C with purified
NP (5 μg/mL). Serum and NAL was diluted according
to the results of pre experiment, and then serially
diluted in 1:2 steps. Goat anti-mouse IgG Ab (γ-
chain specific) (KPL), goat anti-mouse IgG1 Ab
(KPL), goat anti-mouse IgG2a Ab (KPL), and goat
anti-mouse IgA (α-chain specific) (KPL) conjugated
with horseradish peroxidase (HRP) was used as the
secondary antibody. The signal was developed using
tetramethylbenzidine (TMB) as the substrate. The opti-
cal density was read at 450 nm. End-point ELISA titers
were expressed as the reciprocal of the highest sample
dilution that yielded an OD ≥ mean+2 × SD of control
mouse serum.

Gamma interferon (IFN-γ) ELISpot assay

The vaccine specific cellular immune response in mice
was determined using ELISpot kit (Mabtech AB) as
described in our previous study [19,20]. Spleen cells
were isolated two weeks after the last immunization.
Pooled spleen cells (5 × 105 cells/well) were stimulated
either with MHC-I peptide and a pool of three MHC-II
peptide from influenza virus NP as previously
described in our study [21]. The numbers of colour
spots representing IFN-γ-secreting T cells were
counted using an ELISpot reader (Bioreader 4000;
Bio-Sys, Germany). The number of peptide-reactive
cells was represented as spot-forming cells (SFCs) per
106 splenocytes and was calculated by subtracting
spot numbers in medium only wells from spot num-
bers in peptide containing wells.

Viral titration

Three challenged mice were euthanized at day 3 post-
challenge, lungs were isolated and the BALF was pre-
pared as above. Virus titers were determined in tripli-
cate by titration of the BALF on MDCK cells. Briefly,
monolayers of cells were infected for 1 h with 100 μL
of serial 1:10 dilutions of the bronchoalveolar wash in
a 96-well plate in serum-free DMEMmedium contain-
ing penicillin and streptomycin (Gibco). Following
infection, the medium was replaced by medium con-
taining 2 mg/mL of TPCK-treated trypsin (Sigma–
Aldrich). Endpoint virus titers were determined after
three days, as described by Reed and Muench. The
virus titer was expressed as 50% tissue culture infection
dose (TCID50) and represented by the mean ± SD of
virus titer per mL of specimens from three mice in
the group.

Hematoxylin and eosin staining

Three days post-challenge, lungs of three infected mice
were isolated, immediately fixed in 10% neutral-
buffered formalin, and embedded in paraffin. Sections
(4∼6 μm) were mounted on slides, stained with H&E
(Shanghai Biyuntian Biological Co., Ltd.), and observed
by microscopy. Three random sections of each lung
sample were examined. Three visual fields were evalu-
ated in each pathological section. Histopathological
changes were examined by a pathological investigator,
who was unaware of the samples’ origin.

Statistics

Comparison of antibody titers, lung virus titers and
cytokine response between two groups was evaluated
with the two-tailed Student’s t-test. Survival rates
were plotted as Kaplan-Meier curves and analyzed
with the log-rank test Statistical analysis. The data
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was were performed with GraphPad Prism version 8.0.
P-values of less than 0.05 (P < 0.05) were considered to
be statistically significant. Results are expressed as the
means ± SD.

Results

Preparation and characterization of
recombinant TAT-NP

The recombinant fragment TAT-NP was inserted into
pET28a with His-Tag, and expressed in E. coli BL21
(DE3) strain. The recombinant protein was purified
by His-Tag chromatography and confirmed by wes-
tern-blot (Figure S1).

Ability of TAT-NP fusion protein to penetrate
cells

To evaluate whether TAT could enhance the pen-
etration of exogenous protein into cells, we incubated
10 or 20 μg/mL of NP protein and TAT-NP protein
with 293 T cells for 2 h respectively, and evaluated
the effect of TAT protein transduction using indirect
immunofluorescence assay, with PBS as the control.
As shown in Figure S2, strong green fluorescence was
widely distributed in the 293 T cells incubated with
10 or 20 μg/mL TAT-NP protein after the same incu-
bation time, and only weak fluorescence was observed
in the cells incubated with the same dose of NP protein.
The result indicates that TAT could effectively trans-
duce the fused protein into the cells.

Mice vaccinated with TAT-NP were completely
protected against challenge with a homologous
influenza virus

To determine the protective efficacy of TAT-NP vacci-
nation, mice were vaccinated with 10, 30 and 100 μg of
TAT-NP protein respectively, with 30 and 100 μg of
NP protein and PBS as the control groups for vacci-
nation three times at two-week intervals. Mice were
challenged with homologous 10 × LD50 A/PR/8/34
(H1N1) two weeks after the last vaccination. The tra-
chea and lungs were randomly taken from 3 mice in
each group three days after challenge to determine
the virus load in the BALF. On the second day after
the challenge, the mice in all groups showed such clini-
cal symptoms as pilomotor fur, anorexia and weight
loss. As shown in Figure 1(A), mice vaccinated three
times with 100 μg NP alone could not be completely
protected, with the survival rate of only 40% (4/10),
while mice vaccinated with 100 μg TAT-NP could be
completely protected, with the survival rate of 100%
(10/10). Meanwhile, 30 μg TAT-NP showed a better
protection than the same dose NP group (7/10 vs. 0/
10).

Mice in all groups had different degrees of weight
loss. When weight loss over 30% of their initial weight,
the mice were euthanized. The same dose TAT-NP
group showed less weight loss than the NP group,
and the PBS control group showed maximum weight
loss. The maximum weight loss of TAT-NP 100 μg
group was only 15.6%, and the maximum weight loss
of NP 100 μg group was up to 25.5%. TAT-NP group
could start weight recovery more rapidly. In addition,
the lung virus titer of mice was also detected 72 h
after infection. As shown in Table 1 and Figure 1(C),
virus titer in the lungs of mice in the NP and TAT-
NP groups was significantly lower than that in the con-
trol group (P < 0.05), and the lung virus titer in the
100 μg TAT-NP group was significantly lower than
that in the same dose NP group (P < 0.05). In addition,
virus titer in the lungs of mice was well correlated with
the protection provided by the vaccine to mice. Con-
sistent with this result, the lung histopathology of
mice vaccinated with TAT-NP was less severe than
mice vaccinated with the same dose of NP and control
group. Severe pathological damage of lung tissue was
observed the mice, which included infiltration with
inflammatory cells (Figure S3).

In conclusion, the above results indicate that the
candidate vaccine TAT-NP can provide mice with pro-
tection against lethal doses of a homologous influenza
virus challenge without the use of an adjuvant.

TAT-NP induces potent antigen-specific humoral
immune responses at the systemic and mucosal
level

Humoral immune responses play an important role in
clearing pathogen infections [22]. We assessed the sys-
temic and mucosal immune response induced by
TAT-NP in intranasally vaccinated mice. Six groups
of BALB/c mice were vaccinated three times at two-
week intervals. Two weeks after each vaccination, the
anti-NP IgG titer was detected in serum by ELISA. As
shown in Table 2, the anti-NP IgG titer increased with
the number of vaccinations. After three vaccinations,
NP-specific antibodies could reach high titers in all
groups. The titer of anti-NP IgG of TAT-NP immuniz-
ation was higher than in the NP group, but the differ-
ences were not significant. In addition, the antibody
subtypes after the last vaccinationwas analyzed to detect
the IgG1 and IgG2a titers in the serum. The results
showed that high titers of IgG1 and IgG2a antibodies
were induced in all groups (Figure 2(A)), and the ratio
of IgG2a/IgG1 in TAT-NP group was higher than that
in the NP group, indicating that more pronounced
Th1-biased immune response was induced in the
TAT-NP group (Figure 2(B)).

IgA is the major antibody produced by a mucosal
immune response, mainly secreted by B cells in the
lamina propria of mucosa, while the influenza virus is
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a pathogen that infects via the respiratory tract. There-
fore, IgA might play an important role in defense
against influenza virus infection. The IgA in the NAL
of mice after three vaccinations was detected. The
results (Table 2) showed that a high titer of IgA

antibody was produced in all TAT-NP and NP groups,
and the titer of IgA induced in the same dose TAT-NP
group was significantly higher than that in the NP
group (P < 0.05). This result shows that TAT-NP
could induce a better local mucosal immune response.

TAT-NP effectively induced cellular immune
responses in mice

Antigen-specific T lymphocytes play an important role
in the generation and regulation of effective immune
responses. Therefore,we preparedmouse spleen cell sus-
pensions two weeks after the last vaccination. The num-
ber of IFN-γ-secreting splenic T lymphocytes was
detected using ELIspot technique, with MHC-I and
MHC-II epitope peptide pools from NP protein as the
stimulants respectively. As shown in Figure 2(D),
TAT-NP could significantly increase the number of anti-
gen-specific IFN-γ-secreting CD8+ T cells (P < 0.05).

TAT-NP provides protection against lethal doses
of heterosubtypic influenza virus challenge in
mice

We investigated the potential of TAT-NP as a candi-
date universal vaccine to provide cross protection.

Figure 1. Protection of vaccinated mice against challenge with homologous virus. BABL/c mice (n = 114, female, 6–8 weeks old)
randomly were divided to six groups. Mice were anesthetized, followed by immunized intranasally 3 times with 2 weeks interval
containing different doses of 40 μL NP or TAT-NP. The control group was received PBS. Two weeks after the last immunization, mice
were anesthetized and intranasally challenged with 20 μL of the viral suspension containing 10 × LD50 of A/Puerto Rico/8/34
(H1N1). Survival rates (A), body weight changes (B) of ten mice were monitored daily for 3 weeks after challenge. Weight loss
is shown mean of the group with error bars representing SD (n = 10). The survival rates were evaluated by log-rank (Mantel–
Cox) test. * indicates significant differences compared with the same dose NP group (P < 0.05). The lung virus titers (C) are
expressed as mean ± SD of three tested mice in each group. The t-test was used to determine difference in viral load. * indicates
significant differences (P < 0.05).

Table 1. Protection against lethal PR8 virus challenge in mice
by administrated intranasally with NP or TAT-NP vaccine.

Group Immunogen
Dose
(μg)

Protection against challenge with PR8
virus

Lung virus titers
(Log10TCID50/mL)

Survival mice/
tested mice

A TAT-NP 10 5.50 ± 0.17b 3/10b

B TAT-NP 30 4.89 ± 0.38b 7/10ab

C TAT-NP 100 3.50 ± 0.17ab 10/10ab

D NP 30 5.44 ± 0.20b 0/10
E NP 100 4.78 ± 0.48b 4/10b

F PBS − 6.78 ± 0.51 0/10

Note: BABL/c mice were randomly divided into six groups. Mice were
immunized intranasally with NP or TAT-NP vaccine, whereas control ani-
mals received PBS. Two weeks after the last immunization, mice were
challenged with a lethal dose (10 × LD50) of influenza PR8 virus. BALF
of three mice per group was collected 3 days after the challenge. Virus
titers in the lungs as determined by plaque assay. Results are expressed
as mean ± SD of three tested mice in each group. Survival rate of mice (n
= 10) was monitored for 21 days. The t-test was used to determine differ-
ence in viral load. The survival rates were evaluated by log-rank (Mantel–
Cox) test.

aDisplays statistically significant difference compared with the same dose
NP group (P < 0.05).

bDisplays statistically significant difference compared with the PBS group
(P < 0.05).
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Mice were vaccinated with 100 μg of TAT-NP or NP
three times at 2-week intervals and infected intrana-
sally with 10 × LD50 A/Chicken/Jiangsu/7/2002
(H9N2) or 10 × LD50 A/Guizhou/54/1989 (H3N2)
respectively 2 weeks after the last vaccination. Three
mice from each group were examined for the virus
titer in lungs three days after the challenge, and the
remaining 10 mice were monitored for weight loss
and survival rate. Mice infected with H9N2 or H3N2
in each group showed such clinical symptoms as

pilomotor fur, quivering and weight loss in varying
degrees. As shown in Figure 3, when challenged with
H9N2, 90% (9/10) of mice vaccinated with TAT-NP
were survived, while survival of NP group was only
30%. For the mice infected with H3N2, the survival
of TAT-NP group was up to 90%, while survival of
NP group was only 40%, indicating that TAT could
enhance the protective immunity induced by NP.

As shown in Tables 3 and 4 and Figure 3, the results
showed that both TAT-NP and NP could effectively

Table 2. Serum and mucosal antibody responses in mice.

Group Immunogen Dose (μg)

Ab response (ELISA, 2n)

Serum IgG (Day 14) Serum IgG (Day 28) Serum IgG (Day 42) NAL IgA

A TAT-NP 10 13.00 ± 1.00 18.33 ± 0.58 21.33 ± 0.58 5.33 ± 0.58
B TAT-NP 30 14.30 ± 0.58a 19.33 ± 0.94 23.00 ± 0.00 6.00 ± 0.00a

C TAT-NP 100 15.60 ± 1.52a 23.33 ± 0.67 25.67 ± 0.58 7.33 ± 0.58a

D NP 30 11.33 ± 0.94 19.67 ± 0.83 22.33 ± 1.15 4.67 ± 0.58
E NP 100 13.67 ± 0.83 22.67 ± 1.52 24.33 ± 0.58 6.33 ± 0.58
F PBS − Undetected Undetected Undetected Undetected

Note: BABL/c mice (female, 6–8 weeks old) randomly were divided to 6 groups. Mice were anesthetized, followed by immunized intranasally 3 times with 2
weeks interval containing different doses of NP or TAT-NP. The control group was received PBS. Blood samples of three mice in each group were collected
on day 14, 28 and 42 to detected NP specific IgG. NAL of three mice were collected on day 42 to evaluate IgA. End-point ELISA titers were expressed as the
reciprocal of the highest sample dilution that yielded an OD ≥ mean+2 × SD of control mouse serum. Results are expressed as mean ± SD of three tested
mice in each group. The t-test was used to determine difference in antibody titers. a Displays statistically significant difference compared with the same
dose NP group (P < 0.05).

Figure 2. Humoral and cellular immune responses induced by TAT-NP vaccine. Anti-NP IgG was determined by ELISA on day 42.
Mice were immunized three doses intranasally with NP or TAT-NP, whereas control animals received PBS, at an interval of 2 weeks.
(A) The antibody responses of IgG1 and IgG2a detected in sera after the last immunization. End-point ELISA titers were expressed as
the reciprocal of the highest sample dilution that yielded an OD ≥ mean+2 × SD of control mouse group. Results are expressed as
mean ± SD of three tested mice in each group. (B) The ratio of IgG2a/IgG1 2 weeks after the last immunization. Two weeks after the
last immunization, splenocytes were harvested and stimulated with peptides recognized by MHC class I and class II restricted epi-
topes of NP. Results are expressed as number of spots of cells producing cytokines per 106 spleen cells. Detection of IFN-γ secreting
CD4+ (C) and CD8+ (D) T cells. Data shown as mean numbers of spot-forming cells (SFCs) ± SD. n = 3 per group. Each sample was
tested in triplicates. * indicates significant differences (P < 0.05, two-tailed Student’s t-test).
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inhibit virus replication. The above results indicate that
the protein transduction domain TAT could increase
the ability of NP to provide protection against lethal
doses of heterosubtypic influenza virus challenge in
mice, and that TAT-NP could be used as a candidate
universal influenza vaccine.

Discussion

Current influenza vaccination strategies typically elicit
strain-specific immune responses with limited cross-
reactivity to heterosubtypic viruses, and are therefore
poorly equipped to protect against antigenically drifted
viruses and newly emergent influenza viruses.

Figure 3. Protection of vaccinated mice against challenge with H9N2 and H3N2. BALB/c mice (n = 16 per group) were immunized
intranasally on day 0, 14 and 21 with NP or TAT-NP, whereas control animals received PBS. All groups were challenge on day 42 with
10 × LD50 A/Chicken/Jiangsu/7/2002 (H9N2) or A/Guizhou/54/1989 (H3N2). The survival rates (A) and body weights changes (B) of
the mice (n = 10 per group) were measured daily from the date of the challenge to 14 days after the challenge. The error bars
represent the SDs. The survival rates were evaluated by log-rank (Mantel–Cox) test. * indicates significant differences compared
with the same dose NP group (P < 0.05). The lung virus titers (C) are expressed as mean ± SD of three tested mice in each
group. The t-test was used to determine difference in viral load. * indicates significant differences (P < 0.05).
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Therefore, a universal influenza vaccine might play an
important role in influenza prevention and control in
the future. The high conservation of NP among
influenza A viruses and the broad spectrum of immune
responses generated among different influenza viruses
by the CTL response have enabled NP to become an
attractive candidate for universal influenza vaccine
[23]. Our previous studies suggested that NP-based
vaccines can provide partial protection, while single
NP vaccines could achieve the desired protection
only after multiple vaccinations [19,21]. In this study,
we performed fusion expression of the protein trans-
duction domain TAT and NP to enhance the trans-
membrane penetration into cells. The TAT-NP
induced enhanced NP-specific CD8+ T cells and
immune protection in mice. This vaccine not only pro-
vided better protection against homologous virus but
also had good cross-protection effect with heterosubty-
pic viruses.

TAT is a short peptide derived from 47 to 57 amino
acids (YGRKKRRQRRR) of HIV-1 transactivator
protein, which has now been demonstrated to could
mediate protein transmembrane effect [24]. Most
protein transduction domains (PTD) are positively
charged peptide. The PTD can interact with cell surface
glycosaminoglycans (GAGs), which are negatively
charged glycoproteins [25]. This PTD-cell surface
GAGs electrostatic interaction induces internalization
of exogenous antigens into the cytoplasm [26]. The
PTD-antigens are internalized by antigen presenting
cell (APC) with micropinocytosis-mediated, clathrin-
mediated or caveolin-mediated endocytosis [27]. It is
commonly recognized that the vaccine antigens as
exogenous antigens are mainly recognized and pre-
sented by APC via the MHC-II pathway to activate

the CD4+ T cells, while endogenous antigens can be
presented via the MHC-I pathway to activate the
CD8+ T cells. TAT-PTD can promote exogenous anti-
gens to penetrate the cells and present to MHC-I mol-
ecules through cross-presentation [28,29].
Internalization antigens are degraded through protea-
some/ubiquitin and transported to endoplasmic reticu-
lum (ER) through transporter associated with antigen
processing (TAP) for loading on MHC-I molecules
[30]. We used TAT as a tool for the efficient delivery
of antigen to APC and to induce more antigen specific
CD8+ T cells. In present study, the result showed that
TAT-NP elicited enhanced level of IFN-γ-secreting
CD8+ T cells in mice. The data indicates that the pro-
tection provided by TAT-NP is mostly mediated by
CD8+ T cell responses against the conserved NP
antigen.

In this study, we successfully expressed TAT-NP
proteins using a prokaryotic expression system and
evaluated the immunogenicity and protection of
TAT-NP against the influenza virus in mice. Serologi-
cal results showed that the recombinant TAT-NP
induced a high titer of NP-specific antibody in mice
after three vaccinations. The results showed that the
titer of NP-specific IgG antibody in mice increased
with the frequency of vaccination. At the same time,
the vaccine had good dose dependency among different
groups, and the titer of IgG increased with the dose. In
addition, the analysis of serum antibody subtypes
showed that the IgG2a/IgG1 ratio in the TAT-NP
group was significantly higher than that in the NP
group, indicating that TAT-NP may induce a more
pronounced Th1-biased immune response.

However, there has been controversy over the role of
NP-specific antibodies in the body’s defense against an

Table 3. Protection of mice against lethal heterosubtypic H9N2 challenge by intranasal administration of TAT-NP or NP.
Group Immunogen Dose (μg) Lung virus titers (Log10TCID50/mL) Survival (survivors/total) Challenge virus

A TAT-NP 100 4.28 ± 0.54b 9/10ab A/Chicken/Jiangsu/7/2002 (H9N2)
B NP 100 4.89 ± 0.18b 3/10b A/Chicken/Jiangsu/7/2002 (H9N2)
C PBS − 5.56 ± 0.20 0/10 A/Chicken/Jiangsu/7/2002 (H9N2)

Note: BABL/c mice were randomly divided into three groups. Mice were immunized intranasally with NP or TAT-NP vaccine, whereas control animals received
PBS. Two weeks after the last immunization, mice were challenged with a lethal dose (10 × LD50) of influenza A/Chicken/Jiangsu/7/2002 (H9N2) virus. BALF
from three mice in each group were collected 3 days post-infection for virus titration in the lungs respectively. The survival rate of mice (n = 10) was
determined at 14 days post-infection. The t-test was used to determine difference in viral load. The survival rates were evaluated by log-rank (Man-
tel–Cox) test.

aDisplays statistically significant difference compared with the same dose NP group (P < 0.05).
bDisplays statistically significant difference compared with the PBS group (P < 0.05).

Table 4. Protection of mice against lethal heterosubtypic H3N2 challenge by intranasal administration of TAT-NP or NP.
Group Immunogen Dose (μg) Lung virus titers (Log10TCID50/mL) Survival (survivors/total) Challenge virus

A TAT-NP 100 5.20 ± 0.19b 9/10ab A/Guizhou/54/1989 (H3N2)
B NP 100 5.40 ± 0.37b 4/10b A/Guizhou/54/1989 (H3N2)
C PBS − 6.40 ± 0.21 0/10 A/Guizhou/54/1989 (H3N2)

Note: BABL/c mice were randomly divided into three groups. Mice were immunized intranasally with NP or TAT-NP vaccine, whereas control animals received
PBS. Two weeks after the last immunization, mice were challenged with a lethal dose (10 × LD50) of influenza A/Guizhou/54/1989 (H3N2) virus. BALF from
three mice in each group were collected 3 days post-infection for virus titration in the lungs respectively. The survival rate of mice (n = 10) was determined
at 14 days post-infection. The t-test was used to determine difference in viral load. The survival rates were evaluated by log-rank (Mantel–Cox) test.

aDisplays statistically significant difference compared with the same dose NP group (P < 0.05).
bDisplays statistically significant difference compared with the PBS group (P < 0.05).
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influenza virus infection. Although anti-NP IgG has no
neutralizing activity, their importance should not be
neglected. Previous study demonstrated that after the
mice vaccinated with NP protein were infected with
different subtypes of influenza viruses, the vaccine
could speed up the clearance of virus in mice and
reduce mouse mortality [19]. Adoptive immunization
of naive mice with serum of mice vaccinated with NP
protein could provide the mice with antibody-depen-
dent protection, contributing to accelerated virus clear-
ance in mice. However, this protection is significantly
declined on the B cell deficient mice vaccinated with
NP protein [31]. Unlike neutralizing antibodies, NP-
specific antibodies cannot neutralize the virus and pre-
vent the virus entry into host cells [32,33]. NP in var-
ious forms can be detected in the supernatant of
MDCK cells infected with influenza virus and in the
nasal wash of mice infected with influenza virus,
including monomer, polymer and complex formed
with RNA or polymerase, so that NP-specific anti-
bodies have sufficient opportunity to interact with
NP to exert antiviral immune responses [34]. In
addition, investigators also found NP expression on
the surface of influenza virus-infected cells [35]. NP-
specific antibodies might eliminate virus-infected cells
via the complement-dependent pathway by interacting
with NP on the cell surface. It has also been shown that
anti-NP IgG acts primarily through FcR (Fc receptors)
and CD8+ T cells. NP-specific antibodies exert their
antivirus effect mainly through FcR in μMT mice.
FcR primarily acts through three different subtypes of
IgG antibodies, with IgG2a playing the greatest role
in virus clearance. In addition, the antibody interaction
with FcR can also increase activation and antigen pres-
entation of NK cells. Another important mechanism by
which NP-specific antibodies exert their antivirus effect
is the dependence on T cells, particularly CD8+ T cells
[32,33,36]. This also explains why NP-specific anti-
bodies cannot provide protection in mice deficient in
both T and B cells.

IgA is the major antibody of the mucosal immune
response, mainly synthesized by B cells in the lamina
propria of mucosa. Mucosal IgA can also play a par-
ticularly important role since the influenza virus is a
respiratory pathogen, colonizing trachea, bronchi and
pulmonary alveoli as sites of viral replication. IgA
secreted on the mucosal surface forms a protective
layer that can neutralize pathogens and prevent inva-
sion into the mucosa. In this study, we also evaluated
the level of NP-specific IgA antibodies in the respirat-
ory mucosa. The results showed good correlation
between the survival rate of mice and the level of muco-
sal NP-specific IgA. It may exert the antivirus effect
through intracellular neutralization. It has been
shown that IgA can be internalized by the polymeric
immunoglobulin receptor (pIgR) on the surface of epi-
thelial cells, bind to the newly generated viral proteins

in the cells, and inhibit virus assembly, thus resisting
the virus infection [37,38]. A recent study showed
that IgA antibody may mediate protection by intra-
cellular neutralization in rotavirus [39]. Mucosal NP-
specific IgA may recognize the envelope proteins as
well as the internal proteins of the virus as is the case
of influenza NP [40].

In conclusion, we described a candidate universal
vaccine based on the conserved protein NP and protein
transduction domain TAT. The recombinant vaccine
induced potent humoral and cellular immune
responses in mice. The TAT-NP could provide protec-
tion against lethal doses of homologous and heter-
ologous influenza virus challenge. The mechanism of
TAT enhancing the transmembrane ability and
immune response of NP deserves further study.
Taken together, this study demonstrated that TAT-
NP is a promising to develop a universal influenza
vaccine.

Disclosure statement

No potential conflict of interest was reported by the author
(s).

Funding

This work was supported by grants from Shanghai Munici-
pal Commission of Health and Family Planning [grant num-
ber: 20174Y0016 and 201840046].

ORCID

Ze Chen http://orcid.org/0000-0003-4717-0747

References

[1] Rolfes M, Blanton L, Brammer L, et al. Update:
influenza activity – United States, September 28–
December 6, 2014. MMWR Morb Mortal Wkly Rep.
2014;63(50):1189–1194.

[2] Levine MZ, Martin JM, Gross FL, et al. Neutralizing
antibody responses to antigenically drifted influenza
A(H3N2) viruses among children and adolescents fol-
lowing 2014–2015 inactivated and live attenuated
influenza vaccination. Clin Vaccine Immunol.
2016;23(10):831–839.

[3] Uyeki TM, Peiris M. Novel avian influenza a virus
infections of humans. Infect Dis Clin North Am.
2019;33(4):907–932.

[4] Krammer F. Emerging influenza viruses and the pro-
spect of a universal influenza virus vaccine.
Biotechnol J. 2015;10(5):690–701.

[5] To KK, Tsang AK, Chan JF, et al. Emergence in China
of human disease due to avian influenza A(H10N8)–
cause for concern? J Infect. 2014;68(3):205–215.

[6] McMahon M, Asthagiri Arunkumar G, Liu WC, et al.
Vaccination with viral vectors expressing chimeric
hemagglutinin, NP and M1 antigens protects ferrets
against influenza virus challenge. Front Immunol.
2019;10:2005:1–11.

Emerging Microbes & Infections 1941

http://orcid.org/0000-0003-4717-0747


[7] Zheng M, Luo J, Chen Z. Development of universal
influenza vaccines based on influenza virus M and
NP genes. Infection. 2014;42(2):251–262.

[8] Epstein SL, Kong WP, Misplon JA, et al. Protection
against multiple influenza a subtypes by vaccination
with highly conserved nucleoprotein. Vaccine.
2005;23(46-47):5404–5410.

[9] Grant E, Wu C, Chan KF, et al. Nucleoprotein of
influenza a virus is a major target of immunodominant
CD8+ T-cell responses. Immunol Cell Biol. 2013;91
(2):184–194.

[10] Portela A, Digard P. The influenza virus nucleoprotein:
a multifunctional RNA-binding protein pivotal to virus
replication. J Gen Virol. 2002;83(Pt 4):723–734.

[11] Alexander J, Bilsel P, del Guercio MF, et al. Universal
influenza DNA vaccine encoding conserved CD4+ T
cell epitopes protects against lethal viral challenge in
HLA-DR transgenic mice. Vaccine. 2010;28(3):664–672.

[12] McKinstry KK, Strutt TM, Kuang Y, et al. Memory
CD4+ T cells protect against influenza through mul-
tiple synergizing mechanisms. J Clin Invest. 2012;122
(8):2847–2856.

[13] Frankel AD, Pabo CO. Cellular uptake of the tat
protein from human immunodeficiency virus. Cell.
1988;55(6):1189–1193.

[14] Green M, Loewenstein PM. Autonomous functional
domains of chemically synthesized human immuno-
deficiency virus tat trans-activator protein. Cell.
1988;55(6):1179–1188.

[15] Jiang Y, Li M, Zhang Z, et al. Cell-penetrating peptides
as delivery enhancers for vaccine. Curr Pharm
Biotechnol. 2014;15(3):256–266.

[16] Bachmann MF, Jennings GT. Vaccine delivery: a mat-
ter of size, geometry, kinetics and molecular patterns.
Nat Rev Immunol. 2010;10(11):787–796.

[17] Schutze-Redelmeier MP, Gournier H, Garcia-Pons F,
et al. Introduction of exogenous antigens into the
MHC class I processing and presentation pathway by
Drosophila antennapedia homeodomain primes cyto-
toxic T cells in vivo. J Immunol. 1996;157(2):650–655.

[18] Kim DT, Mitchell DJ, Brockstedt DG, et al.
Introduction of soluble proteins into the MHC class I
pathway by conjugation to an HIV tat peptide. J
Immunol. 1997;159(4):1666–1668.

[19] Guo L, Zheng M, Ding Y, et al. Protection against mul-
tiple influenza a virus subtypes by intranasal adminis-
tration of recombinant nucleoprotein. Arch Virol.
2010;155(11):1765–1775.

[20] Sui Z, Chen Q, Fang F, et al. Cross-protection against
influenza virus infection by intranasal administration
of M1-based vaccine with chitosan as an adjuvant.
Vaccine. 2010;28(48):7690–7698.

[21] Luo J, Zheng D, Zhang W, et al. Induction of cross-
protection against influenza a virus by DNA prime-
intranasal protein boost strategy based on nucleopro-
tein. Virol J. 2012;9:286:1–11.

[22] Neutra MR, Kozlowski PA. Mucosal vaccines: the
promise and the challenge. Nat Rev Immunol. 2006;6
(2):148–158.

[23] Schotsaert M, Saelens X, Leroux-Roels G. Influenza
vaccines: T-cell responses deserve more attention.
Expert Rev Vaccines. 2012;11(8):949–962.

[24] Vivès E, Brodin P, Lebleu B. A truncated HIV-1 Tat
protein basic domain rapidly translocates through the
plasma membrane and accumulates in the cell nucleus.
J Biol Chem. 1997;272(25):16010–16017.

[25] Ziegler A. Thermodynamic studies and binding mech-
anisms of cell-penetrating peptides with lipids and gly-
cosaminoglycans. Adv Drug Deliv Rev. 2008;60:580–
597.

[26] Gump JM, June RK, Dowdy SF. Revised role of glyco-
saminoglycans in TAT protein transduction domain-
mediated cellular transduction. J Biol Chem.
2010;285:1500–1507.

[27] Koren E, Torchilin VP. Cell-penetrating peptides:
breaking through to the other side. Trends Mol Med.
2012;18:385–393.

[28] Kim SG, Park MY, Kim CH, et al. Modification of CEA
with both CRT and TAT PTD induces potent anti-
tumor immune responses in RNA-pulsed DC vacci-
nation. Vaccine. 2008;26(50):6433–6440.

[29] Shibagaki N, Udey MC. Dendritic cells transduced
with TAT protein transduction domain-containing
tyrosinase-related protein 2 vaccinate against murine
melanoma. Eur J Immunol. 2003;33(4):850–860.

[30] Ackerman AL, Cresswell P. Cellular mechanisms gov-
erning cross-presentation of exogenous antigens. Nat
Immunol. 2004;5(7):678–684.

[31] Carragher DM, Kaminski DA, Moquin A, et al. A novel
role for non-neutralizing antibodies against nucleopro-
tein in facilitating resistance to influenza virus. J
Immunol. 2008;181(6):4168–4176.

[32] Mozdzanowska K, Maiese K, Furchner M, et al.
Treatment of influenza virus-infected SCID mice
with nonneutralizing antibodies specific for the trans-
membrane proteins matrix 2 and neuraminidase
reduces the pulmonary virus titer but fails to clear
the infection. Virology. 1999;254(1):138–146.

[33] Gerhard W, Mozdzanowska K, Furchner M, et al. Role
of the B-cell response in recovery of mice from primary
influenza virus infection. Immunol Rev. 1997;159:95–
103.

[34] Virelizier JL, Allison AC, Oxford JS, et al. Early pres-
ence of ribonucleoprotein antigen on surface of
influenza virus-infected cells. Nature. 1977;266
(5597):52–54.

[35] Yewdell JW, Frank E, Gerhard W. Expression of
influenza a virus internal antigens on the surface of
infected P815 cells. J Immunol. 1981;126(5):1814–
1819.

[36] LaMere MW, Lam HT, Moquin A, et al. Contributions
of antinucleoprotein IgG to heterosubtypic immunity
against influenza virus. J Immunol. 2011;186
(7):4331–4339.

[37] Mazanec MB, Kaetzel CS, Lamm ME, et al.
Intracellular neutralization of virus by immunoglobu-
lin A antibodies. Proc Natl Acad Sci U S A. 1992;89
(15):6901–6905.

[38] Mazanec MB, Coudret CL, Fletcher DR. Intracellular
neutralization of influenza virus by immunoglobulin
A anti-hemagglutinin monoclonal antibodies. J Virol.
1995;69(2):1339–1343.

[39] Aiyegbo MS, Sapparapu G, Spiller BW, et al.
Human rotavirus VP6-specific antibodies mediate
intracellular neutralization by binding to a quaternary
structure in the transcriptional pore. PLoS One. 2013;8
(5):e61101.

[40] Sanchez MV, Ebensen T, Schulze K, et al. Intranasal
delivery of influenza rNP adjuvanted with c-di-AMP
induces strong humoral and cellular immune
responses and provides protection against virus chal-
lenge. PLoS One. 2014;9(8):e104824.

1942 Y. Yin et al.


	Abstract
	Introduction
	Materials and methods
	Preparation of rTAT-NP
	Cellular uptake of TAT-NP
	Viruses, mice and cells
	Immunization and challenge
	Specimen collection
	Enzyme-linked immunosorbent assay (ELISA)
	Gamma interferon (IFN-γ) ELISpot assay
	Viral titration
	Hematoxylin and eosin staining
	Statistics

	Results
	Preparation and characterization of recombinant TAT-NP
	Ability of TAT-NP fusion protein to penetrate cells
	Mice vaccinated with TAT-NP were completely protected against challenge with a homologous influenza virus
	TAT-NP induces potent antigen-specific humoral immune responses at the systemic and mucosal level
	TAT-NP effectively induced cellular immune responses in mice
	TAT-NP provides protection against lethal doses of heterosubtypic influenza virus challenge in mice

	Discussion
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


